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[57] ABSTRACT

According to the principles of this invention, a polysili-
con layer in a semiconductor device is shaped so that in
subsequent processing steps a uniform topology is
achieved. In particular, a first layer, typically polysili-
con, 1s overlain by a second layer, typically spin-on
glass, which 1s in turn overlain by a mask layer. An
opening is formed in the mask layer and the second
layer. An isotropic etchant 1s applied to the structure
after the opening is formed. The etchant is formulated
to have a differential etch rate in the first and the second
layers so that the first layer after etching has an edge

surface with a taper of less than 60° and preferably
about 45°. |

18 Claims, 7 Drawing Sheets .
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POLYSILICON TAPER PROCESS USING SPIN-ON
GLASS

This application is a continuation of application Ser.
No. 0?/ 517,874, filed May 2, 1990, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to a method for form-
ing polysilicon structures in semiconductor devices and
more specifically to an improved process for forming
tapered polysilicon structures.

2. Description of the Prior Art

Typically, high-capacity dynamic random access
memory (DRAM) cell structures are fabricated on a
semiconductor chip having many thousands of similar

2

overlain by a polysilicon layer 18A (FIG. 8). A mask
and a plasma etch are typically used to form gates 18-1,
18-2 (F1G. 9) from polysilicon layer 18A. However, the

 plasma etch fails to remove polysilicon 18B under lip

10

15

cells and successful operation of the chip requires that

all such cells be free of defects. However, the standard
process for forming DRAM cells in an array frequently
results in an unwanted structure that shorts the transfer
gates in two adjacent memory cell structures.

This problem is best understood by considering the
fabrication steps used to form prior art DRAM cells on
a semiconductor chip. Only the processing steps related
to the failure mechanism are described herein. The
other processing steps are known to those skilled in the
art. As shown in FIG. 1, the substrate is typically over-
Jain by a thin dielectric region 12. For example, dielec-
tric region 12 may consist of a thin silicon oxide layer
12A, typically about 50 A thick, which 1s formed on
substrate 10, and in turn covered by a silicon nitride

layer 12B, typically about 100 A thick. After formation
~ of silicon nitride layer 12B, polysilicon layer 14 is
formed which In turn i1s overlain by a sacrificial oxide
layer 15.

After formation of oxide layer 1§, a photoresist mask
17 (FIG. 2) 1s formed on oxide layer 1§ with opening
17-3 that 1s used to define the extent of the capacitance
electrode in the DRAM cell. As oxide layer 15 (FIG. 2)
is etched, photoresist mask 17 is undercut as shown In
FI1G. 3. Photoresist mask 17 is subsequently stripped
using a wet etch process leaving the structure illustrated
in FIG. 4.

'Etched oxide layer 15 is used as a mask for a wet etch
 of capacitance polysilicon layer 14 to form the structure
shown in FIG. 5. Sacrificial oxygen layer 15 is then
removed to leave the structure of FIG. 6.

The shape of edge surface 14C of capacitance plate 14
was formed by the wet etch of capacitance polysilicon
layer 14 and angle y between bottom surface 14A of
electrode 14 and edge surface 14C is determined by the
etching process. Angle v is typically in the range of
about 90° to about 60° with a typical angle being about
80°.

The steep inclination of edge surface 14C is one fac-
tor that limits the yield of prior art DRAM cells. Oxide
layer 16 is subsequently formed on polysilicon layer 14.
Oxide layer 16 typically forms a protruding hip 16A as
shown in FIG. 7. Lip 16A is the structure which di-
rectly contributes to creation of one failure mechanism
for a DRAM cell. Lip 16A extends around the perime-
ter of elliptical opening 28 (FIG. 7). |

After formation of oxide layer 16, a triple-etch, using
oxide layer 16 as a mask, is used to remove dielectric
layers 12A, 12B between oxide layer 16-1, 16-2 so that
surface 10; of substrate 10 is exposed. Gate oxide 20 1s
grown on surface 10}, and then the entire structure i1s
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16 A because the plasma etch is shielded from this area

by lip 16A.

Accordingly, gate structures 18-1, 18-2 are connected
by polysilicon 18B (FIG. 10) and the associated DRAM
cells are electrically shorted through gate 18.

Hence, the steep inclination of edge surface 14C of
capacitance polysilicon results in protruding lip 16A
being formed in overlying oxide layer 16 which in turn
results in a failure mechanism for the associated DRAM
cell. This failure mechanism is a function of the prior art
processing steps so that to obtain increased yield, two
additional processing steps are required. Removal of
polysilicon 18B requires another mask step and an iso-
tropic etch so as to break polysilicon 18B in two places.
These additional processing steps while increasing
yields also increase processing costs and processing
times.

SUMMARY OF THE INVENTION

The novel process of this invention eliminates the
unwanted structures formed in the prior art processing
of a DRAM cell structure, for example. In particular, a
selected layer overlying a semiconductor substrate 1s

formed with a tapered end surface so that in subsequent

processing steps no unwanted structures are formed. -

According to the principles of this invention, a first
layer of a first material is formed over a support to a
predetermined thickness. The first layer has a first sur-
face that is substantially parallel to the surface of the
support and a second surface which is substantially
parallel to the first surface and separated from the first
surface by the predetermined thickness.

Subsequent to the formation of the first layer, a sec-
ond layer of a second material is disposed on the first
layer and formed to a predetermined thickness. Subse-
quently a mask layer is disposed on the second layer. An
important aspect of this invention is that the mask layer
must be selected such that in subsequent processing
steps the mask layer does not lift off the second layer.
After the formation of the mask layer, an opening is
formed in the mask layer and the second layer.

After preparation of the mask, an etchant, which has
a first predetermined etch rate for the first material and
a second predetermined etch rate for the second mate-
rial, is used to remove the first layer down to the surface
of the support. The materials of the first and second
layers and the thickness of the first and second layers
are selected so that the first layer after etching has an
end surface with a taper of less than 60° and preferably
about 45°. As used herein, “taper” means the angle
formed by the intersection of the end surface and the
first surface.

The smooth taper of the first layer results in smoothly
contoured surfaces in subsequent processing steps such
that anisotropic and isotropic etches remove all the
desired material in each processing step. Accordingly,
the taper achieved using the process of this invention
increases yields and productivity. Moreover, since the
relative size of the structure with respect to the support
surface is unchanged, the tapered structure operates in
the same manner as prior art structures with abrupt
geometric changes.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a prior art structure used in forma-
tion of a prior art DRAM memory cell.

FI1G. 2 illustrates a photoresist layer used in forma-
tion of the prior art DRAM memory cell.

FIG. 3 illustrates the structure of FIG. 2 after etching
the oxide layer.

FI1G. 4 illustrates the structure of FIG. 3 after re- '

moval of the photoresist layer.

FIG. § illustrates the structure of FIG. 4 after etching
the polysilicon layer.

FIG. 6 illustrates the structure of FIG. § after remov-
ing the sacrificial silicon dioxide layer.

FIG. 7 is a prospective view of the structure 1in FIG.
6 after an oxide layer is grown over the polysilicon
layer.

FIG. 8 illustrates the structure of FIG. 7 after a
polysilicon layer is formed over the structure.

FIG. 9 illustrates the transfer gates which are formed
from the structure of FIG. 8.

FIG. 10 is a prospective view of the structure in FIG.
9 illustrating the polysilicon connecting the transfer
gates.

FI1GS. 11A through 11C illustrate a time sequence in
the formation of a structure with a tapered end surface
according to the principles of this invention.

FIG. 12 illustrates the initial structure used in the
formation of the tapered polysilicon layer according to
the principles of this invention.

FIG. 13 illustrates the structure of FIG. 12 after a
phosphosilicate glass layer has been added to the struc-
ture according to the principles of this invention.

F1G. 14 illustrates the structure of this invention after
doping of the polysilicon layer and removal of the phos-
phosilicate glass layer.

FIG. 15 illustrates the structure of FIG. 14 after spin-
on glass 1s disposed on the polysilicon layer according
to the principles of this invention.

FI1G. 16 illustrates the structure of FI(G. 15 after a 40

phosphosilicate glass layer is disposed on the spin-on
glass layer according to the principles of this invention.

FIG. 17 illustrates the structure of FIG. 16 after a
photoresist mask i1s formed on the phosphosilicate glass
layer according to the principles of this invention.

FIG. 18 illustrates the structure of FIG. 17 after ani-
sotropic etching according to the principles of this in-
vention

F1G. 19 illustrates the structure of FIG. 18 after re-

moval of the photoresist mask according to the princi- 50

ples of this invention.

FI1G. 20 1llustrates the structure of FIG. 19 after the
isotropic wet etch according to the principles of this
invention.

FIG. 21 illustrates the structure of this invention after
the removal of the mask layer for the wet etch.

FIG. 22 illustrates the uniform topology of the struc-
ture of this invention.

DETAILED DESCRIPTION

Prior art processing to form DRAM cells, as de-
scribed above, resulted in a polysilicon structure with
abrupt geometric features that resulted in the formation
of unwanted structures during subsequent processing
steps. Elimination of the unwanted structures required
additional processing steps. According to the principles
of this invention, a process is provided for forming
polysilicon structures wherein unwanted structural fea-
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4

tures, unlike the prior art process, are not formed by
subsequent processing steps, and the number of process-
ing steps is not increased. In fact, the total number of
processing steps is reduced Hence, yield is increased by
the elimination of the unwanted structural features and
cost is reduced by elimination of processing steps.

In particular, according to the principles of this in-
vention, a first layer 112 (FIG. 11A), typically polysiii-
con, is overlain by a second layer 114, typically spin-on
glass, which in turn is overlain by a mask layer 116. An
opening 120 is formed in mask layer 116 and second
layer 114.

An isotropic etchant is applied to the structure after
opening 120 is formed to shape the polysilicon layer 112
such that in subsequent processing steps a uniform to-
pology is achieved Specifically, when the isotropic
etchant is applied to the structure, second layer 114
limits the exposure of underlying layer 112 to the etch-
ant. For example, as illustrated in FIG. 11A, at time t
only a portion of first layer 112 has been removed and a
portion of second layer 114A, 114B, but the portion of
upper surface 112A-1, 112B-1 of layer 112 under mask
Jayer 116A, 116B has not yet been exposed to the etch-
ant.

At time t+ Aty, as 1llustrated in FIG. 11B, layer 114A,
114B has been etched so that both upper surface 112A-
1, 112B-1 of layer 112 under mask layer 116A, 116B and
a portion of layer 112 under hole 120 has been removed.
The etchant, as described below, has been formulated to
have a first etch rate in layer 112 and a second etch rate
in layer 114, i.e., a differential etch rate. As the wet etch
continues, at a later time t+ Aty (FIG. 11C), first layer
114A, 114B is removed further under mask layer 116A,
116B. Thus, additional surface area of layer 112A, 112B
has been exposed to the etchant and layer 112A, 112B

- has been removed under hole 120 down to surface 110-1

of layer 110.

Further, lower surface 112A-2 of layer 112A now has
an edge 112A-3. End surface 112A-4 of layer 112 inter-
sects lower surface 112A-2 at edge 112A-3. The etch
rate 1s such that an angle a formed by the intersection of
end surface 112A-4 with lower surface 112A-2 defines
the taper of layer 112A. According to the principles of
this invention the taper 1s less than about 60° and greater
than about 30°. Preferably, the taper is about 45°.

As described more completely below, the material of
first layer 112, the material of second layer 114, the
relative thickness of first layer 112, second layer 114,
and mask layer 116 are selected to achieve a desired
taper of first layer 112 upon etching. (Herein, thickness
refers to the dimension of the layer in the direction that
is substantially perpendicular to the support for the
layers.) Moreover, the etchant i1s formulated for use in
combination with the materials to achieve the desired
taper. _

In one embodiment of this invention, a polysilicon
layer 112 1s deposited by chemical vapor deposition on
a support 110 (FIG. 12). Typically, layer 112 has a
thickness in the range of about 2,000 A to about 6,000 A,
and in one embodiment about 3,600 A. The underlying
material on which polysilicon layer 112 is deposited is
not critical and in fact, support 110 could be a passiv-
ation material, a dielectric material as in the prior art
DRAM cell, or a semiconductor substrate, for example.

Subsequent to the formation of polysilicon layer 112,
a phosphorus silicate glass 113 (FIG. 13) is grown to a
thickness of about 800 A, in one embodiment, on
polysilicon layer 112 Phosphorus silicate glass layer 113
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is formed using chemical vapor deposition in an oxygen
atmosphere at ambient pressure. Nitrogen is bubbled
through phosphorous oxy- chlonde POCl;, for a period
of time sufficient to grow 800 A layer 113. Layer 113 is
grown such that underlying polysilicon layer 112 1s
doped to about 20 ohms per square.

After doping of polysilicon layer 112, phosphorus
silicate glass 113 is removed using a standard wet etch
(FIG. 14). Subsequently, a silicon dioxide layer 114 is
formed on polysilicon layer 112 (FIG. 18). Silicon diox-
ide layer 114 is formed, in one embodiment, by spinning
the wafer, as described below, and spraying a silica-1so-
propyl alcohol mixture, such as that available from
Allied Chemical of Pittsburg, Calif. under Part No.
P-112, onto the wafer In this embodiment, the nozzle
size for the spray was one millimeter in diameter and a
flow rate was maintained by a feed pressure of about 0.7

10

15

Kg/cm? to the nozzle. The nozzle tip was located about '

15 mm vertically above the wafer. In one embodiment,
a silica spin coater available from Tokyo Ohka Kogyo
of Tatsumo, Japan, under Model No. TR6200D was
used.

In this embodiment, the wafer was rotated at 100
revolutions per minute (rpm) and the silica-1sopropyl
alcohol mixture was dispensed through the nozzle for
one second. The wafer was then spun at 300 revolutions
for one second and then at 4,000 rpm for nine seconds.
The mixture is dispersed and dried by this spinning.

As the silica-isopropyl alcohol mixture interacts with
polysﬂlcon layer 112, a soft oxide layer at ambient tem-
perature is formed. This layer is sometimes referred to
as spin-on glass. Typically, spin-on glass layer 114 is in
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the range of 300 to 2,500 A thick and in one embodi-

ment was about 1,500 A thick. Fracture of layer 114 in
subsequent processing steps limits the thickness of the
layer. After formation of layer 114, the structure in
FI1G. 15 is dry baked in a diffusion tube with nitrogen
annealing at a temperature in the range of about 800° C.
to about 1,000° C. and in one embodiment about 900° C.
for a period of about 60 minutes

Subsequently, layer 114 is overlain with phosphosili-
cate glass layer 116 with a thickness of from about 2,500
A to about 10,000 A and in one embodiment about 7,000
A. Layer 116 is formed by atmospheric pressure chemi-
cal vapor deposition (APCVD) at a temperature of 390°

C. to 410° C. with an atmosphere of silane, phosphine

and oxygen with the gas atmosphere having about 4
mole percent phosphorus. The range of phosphorus in
the gas may vary from about 4 mole percent to about 8
mole percent. The important aspect is to form a mask
layer that adheres to spin-on glass layer 114 during
subsequent processing. A prior art photoresist mask was
not used because subsequent wet chemical processing
would lift off the photoresist mask.

After formation of phosphosilicate glass layer 116, a
photoresist mask layer 115 is formed on the phosphosili-
cate glass and a hole 117 (FIG. 17) opened in the photo-
resist using conventional technologies. After mask
115A, 115B is formed, an anisotropic etch is used to
remove phosphosilicate glass layer 116 and spin-on
glass 114 down to surface 112-1 of polysilicon layer 112
(FIG. 18).

In one embodiment, a “Freon” 23 and O; atmosphere
in an anisotropic dielectric etcher was used to perform
this etch. The plasma gas mixture is “Freon” 23 and
from 3% to 30% oxygen. The process temperature
ranges from zero to 80° C. and the pressure ranges from
20 to 80 millitorr. One anisotropic dielectric etcher

35
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suitable for use in the process of this invention 1s sup-
plied by Applied Materials of Sunnyvale, Calif. under
Model No. 8110.

Subsequent to the plasma etching of the phosphosili-
cate glass 116 and spin-on glass 114, photoresist 1185 is
removed to produce the structure illustrated in FIG. 19.
A wet etch is then used to taper polysilicon layer 112.
Specifically, in one embodiment, spin-on glass layer
114A, 114B is etched ata rate twice the etch rate for
polysilicon layer 112. The wet etch produces the struc-
ture in FIG. 20. The phosphosilicate glass 116A, 116B
and the residual spin-on glass 114A, 114B are removed

using standard processes known to those skilled in the

art (FIG. 21). Subsequently, an oxide layer 118 (FIG.
22) is formed over polysilicon layer 112A, 112B, which
has a smooth topology without any hidden areas.

Smooth oxide layer 118 is in sharp contrast to layer
16 (FIG. 7) that was formed by the prior art processes.
In addition to the smooth topology that eliminates for-
mation of unwanted structures, the fundamental charac-
teristics of the tapered polysilicon structure with re-
spect to the semiconductor device containing the struc-
ture have not changed Specifically, the dimensions of
the surface of the tapered structure over the underlying
support are the same as in the prior art device. There-
fore, the process of the invention increases yield and
decreases processing steps without affecting perfor-
mance of the resulting semiconductor device.

In one embodiment, the taper of layer 112 is con-
trolled not only by the materials used in layers 112, 114
but also by the wet etch chemistry. The etchant is se-
lected in combination with the materials so as to achieve
the predetermined taper for polysilicon layer 112. In
this embodiment, a buffering and ionizing medium, a
mixture of glacial acetic acid and iodine, is first formed.
The iodine is added to the glacial acetic acid so the
resulting medium has a predetermined percentage by
weight of iodine. In one embodiment, the iodine glacial
acetic acid mixture has about 2-3% (wt %) i1odine.

Next, an etch acid is formed using two acids, e.g.,
nitric acid and hydrofluoric acid. The two acids are
combined in portions sufficient to form an etch acid.
For example, a solution of about 49% hydrofluoric acid
and a solution of about 63% nitric acid were used to
form the etch acid. Specifically, about seven parts by
volume of the nitric acid solution were mixed with
about one part by volume of the hydrofluoric acid solu-
tion.

After formation of the etch acid, the etch acid and the
buffering and ionizing medium are combined in propor-
tion sufficient to form an etchant having a first predeter-
mined etch rate for the first material and a second pre-
determined etch rate for the second material. In this
embodiment, one part by volume of the etch acid was
mixed with seven parts by volume of the glacial acetic
acid/iodine mixture to form the etchant. The resulting
etchant was maintained at a temperature of 17° C.+2°
C. Adjustment of the etchant temperature may also
effect the taper.

During the wet etch, the nitric acid in the etchant
forms an autocatalytic system in the oxidation of

- polysilicon layer 112 and the hydrofluoric acid dis-

65

solves the resulting silicon oxide. Hence, the hydroflu-
oric acid etches both polysilicon layer 112 and spin-on
glass layer 114. The glacial acetic acid/iodine mixture
acts as a buffering and ionizing medium during the etch-
ing. The specific acids are illustrative of the principles

of this invention and are not intended to limit the inven-
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tion to the specific embodiment described. The impor-
tant aspect is that the etchant has a differential etch rate
in the two materials being etched.

When this etchant solution was used to etch spin-on
glass 114 and polysilicon layer 112, the etch rate of the
spin-on silica glass was approximately twice as great as
the etch rate of the polysilicon, so that the resulting
taper of polysilicon layer 112 was about 45°. During the
etching, gentle up and down agitation (e.g., about a 2
cm. stroke—top to bottom—with about 5 seconds per
agitation cycle) was used to aid in etch uniformity.

The embodiments described herein are illustrative
only of the principles of the invention and are not in-
tended to limit the scope of the invention. In view of the
above disclosure, one skilled in the art will understand
that alternative layers could be etched according to the
principles of this invention so that prior art failure
mechanisms are not formed in subsequent semiconduc-
tor processing. Another method for forming a tapered
polysilicon layer is disclosed in copending and com-
monly assigned U.S. patent application Ser. No.
07/518,607, now U.S. Pat. No. 5,068,707 entitled
“Taper C-Poly Process” filed on the date of this appli-
cation by Gary A. Pors and Gernmia Tang and 1ncorp0-
rated herein by reference in its entirety.

We claim:

1. A method for forming a tapered layer in a semicon-
ductor device comprising the steps of:

(1) disposing a first material over a support to form a
first layer with a predetermined thickness, said first
layer having (i) a first surface substantially parallel
to a surface of said support, and (i1) a second sur-
face substantially parallel to said first surface and
separated from said first surface by said predeter-
mined thickness;

(11) disposing a second material on said first layer to
form a second layer;

(1ii) disposing a masking layer on said second layer;

(iv) forming an opening in said masking layer and said
second layer to said second surface using a single
etch step;

(v) etching said first and second layers through said
opening with a wet etchant having predetermined
properties, wherein upon completion of said etch-
ing, said first surface has an edge, said second sur-
face has an edge, said first surface edge and said
second surface edge being joined by a tapered edge
surface wherein the angle formed by the intersec-
tion of said tapered edge surface and said first sur-
face at said first surface edge is less than 60°.

2. The method of claim 1 wherein said first layer 1s

polystlicon.

3. The method of claim 2 wherein said predetermined

thickness of said polysilicon layer is in the range of
about 2,000 A to about 6,000 A.
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8

4. The method of claim 3 wherein said predetermined
thickness is about 3,600 A.

5. The method of claim 2 wherein said second layer is
spin-on glass.

6. The method of claim § wherein said second layer

has a thickness in the range of from about 300 A to

about 2,500 A.
7. The method of claim 6 wherein said thickness of

said second layer is about 1,500 A thick.

8. The method of claim § wherein the step of dispos-
ing the second layer of a second material on said first
layer includes the steps of:

spinning the support at a predetermined number of

revolutions per minute and spraying a silica-
alcohol mixture onto said first layer; and

dry baking said second layer at a predetermined tem-

perature for a predetermined time period.

9. The method of claim 8 wherein said predetermined
temperature is in the range of about 800° C. to about
1,000° C.

10. The method of claim 9 wherein said temperature
is about 900° C.

11. The method of claim 1 wherein the step of dispos-
ing a masking layer on said second layer comprises
disposing a phosphosilicate glass layer on said second
layer.

12. The method of claim 1 wherein said step of form-
ing an opening in said masking layer and said second
layer comprises anisotropic etching of said masking
layer and said second layer. |

13. The method of claim 1 wherein said predeter-
mined properties of said etchant include an etch rate for
said second layer that i1s about twice the etch rate for
said first layer.

14. The method of claim 13 wherein the etchant hav-
ing predetermined properties is formed by the steps of:

combining glacial acetic acid and i1odine in propor-

tions sufficient to form a mixture having a predeter-
mined weight percent of iodine;
combining a first acid and a second acid in propor-
tions sufficient to form an etch acid; and

combining said mixture with said etch acid in propor-
tions sufficient to form said etchant having said
predetermined properties.

15. The method of claim 14 wherein the predeter-
mined weight percent of iodine in the range of about
3-4%.

16. The method of claim 14 wherein the first acid is
hydrofluoric acid and the second acid 1s nitric acid.

17. The method of claim 16 wherein one part by

- volume of hydrofluoric acid i1s combined with seven

parts of volume of nitric acid to form said etch acid.
18. The method of claim 14 wherein about one part

by volume of said etch acid is combined with about

seven parts by volume of said mixture to form said

etchant.
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